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アルミニウム合金 A3004-H34 の高ひずみ速度域 
における変形応力のひずみ速度依存性 
 
STRAIN RATE DEPENDENCY OF DYNAMIC FLOW STRESS OF 








The strain rate dependence of the flow stress in FCC metals is known to become large as the strain rate rises. The flow 
stress of FCC metal increase gradually from low strain rate to high strain rate. And the flow stress increase rapidly 
when the strain rate exceed about 5×103 /sec. However, its deformation mechanism has not yet been elucidated. In 
order to evaluate the strain rate dependence of the flow stress of A3004-H34, constant strain rate tests of A3004-H34 
were conducted at the strain rates of about 4×103 to 1.9×104 /sec. And strain rate reduction tests of A3004-H34 were 
also conducted at the strain rates of about 1.3×104 to 1.75×104 /sec. Two experimental results showed that the 
instantaneous strain rate plays dominant role in the flow stress at very high strain rates. A simplified model for 
dislocation kinetics was used to consider based on the measured values of constant strain rate tests (4000 to 19000 /sec) 
of A3004-H34 and high-purity aluminum. Flow stress calculated using the expression derived from the model tend to 
be similar to flow stress measured directly in the high strain rate range. Therefore it is considered that the rapid increase 
in the flow stress at high strain rate was caused by a shift from the control of the thermal activation process to the 
control of the phonon viscosity drag.  
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対象に，ひずみ速度 4.0×103 /sec から 1.9×104 /sec
の範囲で定速度実験を行った．その後、1.3×104 /sec





5nAl に対し，ひずみ速度 10-1 /sec および 4×103 /sec







実験に用いた試験片は A3004-H34 と 5nAl で，直
径，長さ共に 1.5 mm の円柱形である．試験片の化
学成分を Table 1, Table 2 に示す． 
Table 1 Chemical composition of A3004 (mass %) 
 








Fig.1 Equipment for constant strain rate and strain 
reduction tests. 
 






















は直径 4 mm, 長さ 500 mm である．打撃棒（Ti合金
製），減速棒（Ni合金製）は共に外径 13 mm である．
減速用中空丸棒の内径は出力棒との接触を考慮に






𝜀𝐼 =  𝜀𝑅 + 𝜀𝑇                  (1)    
 
入射ひずみ𝜀𝐼は 
𝜀𝐼 =  
𝑣0
2𝐶0








𝜀𝑇 = V × calibration            (3)    
V：電圧高さ 
公称応力𝜎𝑛は 
𝜎𝑛 = E (
𝐴
𝐴0
























𝑣0 − (𝐴0𝜎𝑛 𝐴1𝑐1𝜌1⁄ )




)  (6) 
ここで，𝜌，𝑐，𝐴は棒の密度，弾性伝播速度および
断面積を表しており，添字 1，2，3 は打撃棒，減速





𝜀𝑛 = ∫ 𝜀̇
𝑡
0
 dt                   (7) 
 






















Fig.3 Strain rate dependence of the flow stress. 
 
次に，ひずみ速度 1.3×104 /sec から 1.75×104 /sec
の範囲で速度急変実験を行った．Fig.4(a)は試験片
のひずみ 27％付近でひずみ速度を 1.72×104 /sec











    (a) Nominal flow stress vs time curves. 
 
 
(b) True flow stress vs strain curves. 
Fig.4 Response of flow stress to sudden reduction in 
strain rate from 1.72×104 to 6.34×103 /sec 
and stress at constant strain rate of 1.79×104 /sec. 
 












Fig.5 Strain rate dependence of dynamic flow stress drop 













そ 25.2 MPa であり，Fig.3 の定速度実験から予想
される変形応力の降下量∆𝜎𝑑は 25.5 MPa であっ
た．従って，速度急変による変形応力の降下率












Fig.6 Descent rate of flow stress determined by a series 




















𝑣𝑑 = 𝐿 (𝑡𝑡 + 𝑡𝑣)⁄           (5) 
となり，せん断ひずみ速度?̇?はオロワンの式から 
















  τ :せん断応力（せん断応力の熱的成分） 
  𝑘 :ボルツマン定数 
   𝑇 :絶対温度 





𝑡𝑣 = 𝐵𝐿 𝜏𝑏⁄              (9) 
𝐵：摩擦係数 
よって，式(5)は式(8), (9)より 
?̇? = 𝜌𝑑𝑏𝐿 {𝜈
−1𝑒𝑥𝑝[(𝐸𝑐 − 𝜏𝐿𝑏







?̇? ≒ 𝜌𝑑𝑏𝐿 𝑣




























A3004-H34 および 5nAl の未知数を Table 3，Table 
4 に示す． 
Table 3 Values of 𝐿, 𝜌𝑑 , 𝑉 and 𝜎𝑎 employed for 
A3004-H34 
 




験温度における摩擦係数はB = 4.88 × 10−6(293K),








Fig.9 Comparison of measured and calculated values of 
A3004-H34 in each temperature test in high strain 
rate region. 
 
Fig.10 Comparison of measured and calculated values 
















Table 5 Average forest dislocation interval of A3004   
at each strain 
 
Table 6 Average forest dislocation interval of A3004   
at each strain 
 
 






 A3004H-34 に対し，ひずみ速度 4.0×103/sec か
ら 1.9×104/sec までの定ひずみ速度実験を行い，




び 5nAl を対象にひずみ速度 10-1/sec および 4.0×
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